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(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a spin transistor 
which has large magnetization dependency of a drain 
current and is superior in high speed reading. 
SOLUTION: The spin transistor is provided with a source 
(S) having a spin polarization part (F1) for forming spin- 
polarized electrons, a drain (D) having magnetic 
substance (F2), and a channel (C) for introducing 
electrons from the source to the drain. A point contact 
(QP) is formed between the channel and the drain. As a 
result, a high MR ratio can be obtained so that 
magnetism detection sensitivity and reading speed can 
be remarkably improved as compared with the 
conventional ones. 
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* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2 **** s h ows word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] The spin transistor characterized by having had the source section which has the spin 
polarization section which generates the electron which carried out spin polarization, the drain section 
which has the magnetic substance, and the channel section which leads an electron to said drain section 
from said source section, and forming point contact between said channel sections and said drain 
sections. 

[Claim 2] The spin transistor characterized by to form point contact between said channel sections and 
said drain sections by having the gate electrode which forms the source section which has the spin 
polarization section which generates the electron which carried out spin polarization, the drain section 
which has the magnetic substance, and the channel section which leads an electron to said drain section 
from said source section by impressing an electrical potential difference to a semi-conductor layer, and 
giving a neck to the configuration of said gate electrode. 

[Claim 3] Said spin polarization section is a spin transistor according to claim 1 or 2 characterized by 
consisting of a compound semiconductor which excites the electron which carried out spin polarization 
by the exposure of light which carried out the circular polarization of light. 
[Claim 4] It is the spin transistor according to claim 1 or 2 characterized by consisting of an alloy 
containing the iron (Fe) which carried out orientation to the crystal orientation with fixed either at least 
of said spin polarization section and said magnetic substance, nickel (nickel), cobalt (Co), or these. 
[Claim 5] Said source section is the spin transistor of any one publication of claim 1-4 characterized by 
having a tunnel junction. 

[Claim 6] It is the spin transistor according to claim 1 or 2 characterized by the thing of said spin 
polarization section and said magnetic substance which either at least consists of a compound magnetic 
semiconductor. 

[Claim 7] Said channel section is the spin transistor of any one publication of claim 1-6 characterized by 
being the two-dimensional electron gas field formed into a semi-conductor. 



[Translation done.] 
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JPO and INPIT are not responsible for any 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] About a spin transistor, this invention is used more for a detail as high density 
storage elements, such as magnetic sensors, such as the magnetic head for high density magnetic- 
recording read-out, and magnetism RAM (MRAM:Magnetic Random Access Memory) or magnetism 
ROM (MROM: Magnetic Read Only Memory), a photo detector, etc., and relates to a suitable spin 
transistor. 
[0002] 

[Description of the Prior Art] The densification of magnetic recording and improvement in the speed 
have many places which are located in a line with amelioration of a magnetic-recording medium, and 
are undertaken to the advance of a magnetic recording medium, and the advance of the magnetic head 
used for writing and read-out of magnetic recording especially. For example, although the relative 
velocity of a magnetic-recording medium and the magnetic head for read-out becomes small with the 
miniaturization of a magnetic-recording medium, and large-capacity-izing, development of a giant 
magneto-resistance head (Giant MagnetoResi stance effect: GMR head) is furthered as the magnetic head 
for read-out new type which can take out a big output even in such a case. 

[0003] The GMR head has the property in which magnetic-reluctance rate of change (MR ratio) was 
greatly excellent as compared with the conventional MR (MagnetoResistance effect) head. And the 
GMR head of the tunnel junction mold with which the more excellent property is expected recently 
attracts attention quickly. 

[0004] The conventional magnetic-recording medium functions as a magnetic disk, i.e., file memory, 
and the information is used once it is read into the semiconductor memory (DRAM, SRAM) of the body 
of a computer. Although semiconductor memory has the property which was excellent in many, it also 
has the big fault of consuming a lot of power for storage maintenance. Although development of the 
flash memory whose power for storage maintenance is unnecessary, FRAM (Ferroelectric Memory: 
dielectric memory), etc. is furthered in recent years, all are rewritten and it has the big fault that a count 
is limited. 

[0005] On the other hand, although rewriting has also begun development of repeatable magnetic 
memory (MRAM) to infinity substantially, for the implementation, development of the ingredient or 
device in which big MR ratio is shown is desired. As a component which shows bigger MR ratio 
compared with the conventional spin bulb film, a "magnetic-substance tunnel junction component 1 ' 
attracts attention, and the attempt which forms the magnetic head and magnetic memory is advanced by 
combining them and a MOS transistor, using them. 

[0006] Development of the spin transistor with which the property which was furthermore further 
excellent compared with the magnetic-substance tunnel junction component is expected, or a spin bulb 
transistor has begun, such a spin transistor — for example, S.Datta ** - Appl.Phys.Lett. and 56 (1990) It 
is indicated by p. 665. 

[Problem(s) to be Solved by the Invention] Drawing 12 is a mimetic diagram showing the important 
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section configuration of the conventional spin transistor, and this drawing (a) is a mimetic diagram to 
which the cross-section configuration and this drawing (b) express the flat-surface configuration. 
[0007] This transistor is considering the two-dimensional electron gas channel section C formed in the 
ferromagnetic Fel which forms some sources S, the ferromagnetic Fe2 which makes a part of drain D, 
and the semi-conductor layer prepared among these as that basic configuration. 

[0008] The electron which carried out spin polarization is poured into the channel section C according to 
the magnetization direction of the ferromagnetic Fl by the side of the source. On the other hand, the 
magnitude of a drain current changes with the sense of magnetization of the ferromagnetic F2 which 
constitutes a part of drain D. And when the ferromagnetic F2 is magnetized by a ferromagnetic Fl and 
the same direction, channel current tends to flow, and when the reverse sense is magnetized on the other 
hand, channel current cannot flow easily. 

[0009] That is, it has the property that channel current changes according to the direction of the 
magnetization of a ferromagnetic Fe2 to the magnetization direction of a ferromagnetic Fel. Therefore, 
using for the application of a magnetometric sensor etc. is possible. 

[0010] However, it had the big fault that the conventional spin transistor which was illustrated to 
drawing 12 had the small current change by the sense of ferromagnetic Fe2 magnetization, for this 
reason high-speed read-out was difficult for it. 

[001 1] This invention is made based on recognition of this technical problem, and the purpose has the 
magnetization dependency of a drain current in offering the spin transistor which was greatly excellent 
in high-speed read-out. 

[Means for Solving the Problem] In order to attain the above-mentioned purpose, the 1st spin transistor 
of this invention is equipped with the source section which has the spin polarization section which 
generates the electron which carried out spin polarization, the drain section which has the magnetic 
substance, and the channel section which leads an electron to said drain section from said source section, 
and is characterized by forming point contact between said channel sections and said drain sections. 
[0012] Moreover, the 2nd spin transistor of this invention The source section which has the spin 
polarization section which generates the electron which carried out spin polarization, the drain section 
which has the magnetic substance, and by impressing an electrical potential difference to a semi-, 
conductor layer It has the gate electrode which forms the channel section which leads an electron to said 
drain section from said source section, and is characterized by forming point contact between said 
channel sections and said drain sections by giving a neck to the configuration of said gate electrode. 
[0013] According to the configuration of the 1st and 2nd transistors of the above, by forming point 
contact, high MR ratio is obtained and it becomes possible to improve magnetic detection sensitivity and 
a read-out rate sharply conventionally. 

[0014] In addition, perpendicular lay length shall be less than [ electron wavelength extent or it ] here to 
the direction where "point contact" means the joint limited to the size which the quantum effectiveness 
produces to the electron which carried out spin polarization, and the size, i.e., an electron, flows. 
[0015] For example, the channel section is formed with a semi-conductor, and when the electron 
wavelength in the semi-conductor is lOnm, size of point contact is made into less than [ lOnm or it ]. 
[0016] Moreover, in the case of the 2nd spin transistor of the above, detailed point contact can be 
formed certainly and easily by processing a gate electrode. 

[0017] Moreover, said spin polarization section can be used as the thing which consists of a compound 
semiconductor which excites the electron which carried out spin polarization by the exposure of light 
which carried out the circular polarization of light, then a polarization sensing element. 
[0018] Moreover, the thing which consists of an alloy containing the iron (Fe) which carried out 
orientation to the crystal orientation with fixed either at least of said spin polarization section and said 
magnetic substance, nickel (nickel), cobalt (Co), or these, then strong magnetization are obtained easily, 
high MR ratio is obtained, sensibility is high and the spin transistor by which actuation was stabilized 
can be realized. 

[0019] Moreover, said source section becomes possible [ making still higher the rate of spin polarization 
of the thing which has a tunnel junction, then the electron supplied to the channel section ]. 
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[0020] Moreover, since adjustment with the semi-conductor layer which constitutes the thing of said 
spin polarization section and said magnetic substance which either at least becomes from a compound 
magnetic semiconductor, then the channel section, etc. is good and becomes easy [ epitaxial growth 
etc. ], injection efficiency of the electron which carried out spin polarization can be made high. 
[0021] Moreover, said channel section can lower the thing which is the two-dimensional electron gas 
field formed into a semi-conductor, then the probability for an electron to lose spin information by 
dispersion in the channel section. In the conventional spin transistor illustrated to drawing 12 , it became 
clear that the following three factors were mentioned as a cause that change of the drain current 
accompanying change of the direction of magnetization is small, as a result of examination of this 
invention person. 

[0022] The 1st factor is a small thing first as compared with resistance of the channel section C for 
which the interfacial resistance between the channel sections C and Drains D depending on the sense of 
magnetization does not depend on the sense of magnetization. That is, although the magnitude of a drain 
current is decided by the electrical potential difference impressed between the source/drain, and the 
resistance between the source/drain, what the latter is the sum of the interfacial resistance between the 
source / channel and a channel / drain and resistance of the channel section, and it depends for on the 
sense of ferromagnetic F2 magnetization is only the interfacial resistance between a channel/drain. 
[0023] That is, in order to increase the magnetization direction dependency (MR (Magneto-resistance) 
ratio of a component) of a drain current, it is required to increase the interfacial resistance between a 
channel/drain. 

[0024] The 2nd factor with small MR ratio of a component is that the magnetization direction 
dependency of interfacial resistance itself is small. Therefore, it is required to increase magnetization 
direction dependency with a certain means. 

[0025] The 3rd factor is that the rate of spin polarization of the electron injected into a channel from the 
source is small. MR ratio of a component conducts a channel and is dependent on the rate of spin 
polarization of the electron which flows to a drain, and the rate of spin polarization of the ferromagnetic 
of a drain. Therefore, MR ratio can be raised more by a certain approach by injecting an electron with 
the high rate of spin polarization into a channel from the source. 

[0026] this invention person hit on an idea by adopting the "point contact" which becomes a channel / 
drain joint from a semi-conductor / metal junction as a result of the above consideration to remove the 
fault of the conventional-type spin transistor resulting from the above-mentioned 1st and the 2nd above- 
mentioned factor. 

[0027] Moreover, in order for MR ratio to solve the 3rd small factor, it is necessary to inject an electron 
with the high rate of spin polarization into a channel. In the spin transistor of this invention, the source 
can be constituted from a compound semiconductor and an electron with the high rate of spin 
polarization can be poured into a channel field by pouring into a channel field the spin polarization 
electron excited by the circular polarization of light in the compound semiconductor. Or an electron with 
the high rate of spin polarization can be injected into a channel also by making the source into a 
magnetic tunnel junction and impressing an electrical potential difference to the up electrode of a 
magnetic tunnel junction, and lower inter-electrode one. 

[Embodiment of the Invention] Hereafter, the gestalt of operation of this invention is explained, 
referring to a drawing. 

[0028] Drawing 1 is a mimetic diagram showing the important section configuration of the spin 
transistor concerning the gestalt of operation of this invention. That is, in the cross-section configuration 
and this drawing (b), this drawing (a) expresses the flat-surface configuration, respectively. 
[0029] The transistor of this invention is considering the channel section C formed in the ferromagnetic 
F2 which makes the spin polarization section Fl which makes some sources S, and a part of drain D, 
and the semi-conductor layer prepared among these as the basic configuration. 

[0030] Although it consists of a ferromagnetic which the spin polarization section Fl prepared in Source 
S has the operation which generates the electron which carried out spin polarization, for example, 
expressed to drawing 12 , otherwise, a compound magnetic semiconductor, the compound 
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semiconductor which generates the electron which carries out spin polarization by the circular 
polarization of light are included so that it may explain in full detail behind. 

[0031] Impregnation of the spin polarization electron from Source S to the channel section C is the same 
as that of the conventional transistor illustrated to drawing 12 . That is, the electron which carried out 
spin polarization is poured into the channel section C according to the magnetization direction of the 
spin polarization section Fl by the side of the source. And when the ferromagnetic F2 which constitutes 
a part of drain D is magnetized by the spin polarization section Fl and the same direction, channel 
current tends to flow, and when the reverse sense is magnetized on the other hand, channel current 
cannot flow easily. 

[0032] And in the case of the transistor of this invention, point contact QP is formed between the 
channel section C and Drain D. Point contact QP forms the detailed contact which is extent which a 
quantum size effect may produce to a ferromagnetic. That is, in the case of the transistor of this 
invention, to the ferromagnetic F2 which constitutes a part of drain D, such detailed contact is formed 
and an electron is given from the channel section C. 

[0033] Hereafter, the concept of "point contact" that this invention can be set is explained first. 
[0034] Drawing 2 is a conceptual diagram showing the example of reference of the point contact 
component constituted with the magnetic substance. 

[0035] This component is 2 terminal component which has neck N among the up-and-down magnetic 
electrodes 110 and 120, and resistance changes with the sense of magnetization of a vertical electrode. 
Although the very big value of several 100% is reported as rate of change of resistance until now, the 
reason which shows big rate of change is explained as a phenomenon accompanying the ballistic 
conduction of the quantized electron. Although point contact is an outstanding component which shows 
big resistance rate of change, it is necessary for producing it to produce neck N of electron wavelength 
extent. Although the wavelength of the conduction electron in a metal is about lnm, since it is difficult 
with a current technique to produce a neck with a width of face of about lnm with sufficient 
repeatability, this component has stopped at the phase of a fundamental research. 
[0036] in addition, as what indicated such a point contact component The magnetic minute contact 
which made two needlelike nickel (nickel) associate, or the magnetic minute contact at which two 
magnetite was contacted Respectively Reference N.Garcia and M.Munoz, and Y.-W.Zhao and Physical 
Review Letters and vol.82, p2923 (1999) And J. J.Versluijs, M.A.Bari and J.M.D.Coey Physical Review 
Letters, vol.87, and p26601-l (2001) It is indicated. 

[0037] If it returns to drawing 1 again and explanation is continued, by forming such point contact QP in 
a spin transistor, current change by the sense of the ferromagnetic F2 magnetization which constitutes a 
part of drain D will be enlarged by leaps and bounds, and high-speed read-out will also become possible. 

[0038] Point contact QP is realizable by making the configuration of for example, the gate electrode G 
into the configuration of the channel section C of drawing 1 . That is, the gate electrode G of the 
configuration converged toward Drain D corresponding to the channel section C of drawing 1 (b) is 
formed. 

[0039] If gate voltage is impressed to such a gate electrode G, in the field corresponding to the 
configuration of the gate electrode G, depletion-izing or reversal will arise among the semi-conductor 
layers used as a channel, and the channel section C will be formed. Thus, an electron can be confined in 
a neck QP, i.e., point contact, with the potential barrier of the formed channel section C. Since there is 
lOnm or more of electron wavelength in a semi-conductor, the width of face of a neck QP, i.e., point 
contact, is also good at about several lOnm. Formation of point contact QP of such size is possible 
enough with a current technique. 

[0040] Moreover, point contact QP is realizable also by carrying out patterning of the semi-conductor 
layer which constitutes a channel. For example, what is necessary is to etch the semi-conductor layer 
which can serve as the channel section C, and just to form the mesa of the configuration of the channel 
section C of drawing 1 (b). 

[0041] Or only the part of the channel section C of drawing 1 (b) may be made to remain as an active 
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region by injecting an inactivation element into a semi-conductor layer alternatively. As an inactivation 
element in this case, according to a semiconductor material, hydrogen, a proton, oxygen, iron, and 
various kinds of elements can be chosen suitably, and, in addition to this, can be used, for example. 
[0042] Since according to this invention the contact resistance between the channel section C and Drain 
D increases remarkably as compared with channel resistance and the magnetization dependency of 
contact resistance rises by forming point contact QP between the channel section C and Drain D, the 
magnetization direction dependency (MR ratio) of a drain current can be raised by leaps and bounds. 
[0043] If a memory cell like drawing 3 is constituted using such a spin transistor, it is theoretically 
possible to use as solid-state MAG memory (MRAM) new type. 

[0044] For example, a binary code can be written in by fixing the sense of magnetization of the 
ferromagnetic used as the spin polarization section Fl, and making magnetization of a ferromagnetic F2 
change to magnetization, parallel, or anti-parallel of Fl by the magnetic field produced according to a 
write-in (omitted in drawing 3 ) current. Read-out of a code can impress an electrical potential 
difference to the word line WL connected with the gate G of a transistor, can change a transistor into an 
ON (ON) condition, and can detect the sense of ferromagnetic F2 magnetization by observing the drain 
current which flows a bit line BL. 

[0045] In the case of the memory cell with which it expressed to drawing 3 , at the conventional MRAM 
using a magnetic tunnel junction, 1 bit can consist of only one transistor to one tunnel junction and one 
transistor having been required for as a 1-bit component. 

[0046] And according to this invention, it is still more advantageous at the point that high-speed read- 
out of the current change by the sense of ferromagnetic F2 magnetization of a spin transistor also 
becomes possible greatly for this reason. 

[0047] On the other hand, it depends for the magnetization direction dependency (MR ratio) of a drain 

current also on the rate of spin polarization of the electron poured into the channel section C from 

Source S. Since the rate of spin polarization of the conduction electron which exists in ferromagnetics, 

such as iron (Fe) and cobalt (Co), is at most about 50%, the rate of polarization of the electron poured 

into the channel section C from these spin polarization section Fl is also at most about 50%. 

[0048] In order to pour in the electron of the higher rate of spin polarization, a compound semiconductor 

is used for Source S in one gestalt of this invention. By irradiating the circular polarization of light, the 

electron of the high rate of spin polarization can be excited in a compound semiconductor, and MR ratio 

of a component can be further raised by pouring in the electron at the channel section C. 

[0049] Moreover, by using a magnetic tunnel junction for Source S, an electron with the more high rate 

of spin polarization is injected into a channel, and MR ratio can be raised. 

[0050] In addition, in order for an electron to reach Drain D from Source S, without losing spin 

information, it is necessary to control dispersion in the channel section C. As for the channel section C, 

from this viewpoint, it is desirable to fulfill the conditions in which the so-called two-dimensional 

electron gas is formed. 

[0051] As an ingredient of the spin polarization sections Fl and F2, moreover, simple substances, such 
as iron (Fe), cobalt (Co), and nickel (nickel), Or iron (Fe), cobalt (Co), nickel (nickel), the alloy of 
chromium (Cr) that contains one of elements at least, Or the NiFe system alloy called a "permalloy", Or 
a CoNbZr system alloy, a FeTaC system alloy, a CoTaZr system alloy, The half metal magnetic 
substance, such as soft magnetic materials, such as a FeAISi system alloy, a FeB system alloy, and a 
CoFeB system alloy, a Heusler alloy, and Cr02, Fe 304, Lal-XSrXMn03, can be used. Namely, what 
is necessary is to choose suitably what has a property according to the semiconductor material and 
application of a transistor, and just to use it from from, among these ingredients. 
[0052] 

[Example] Hereafter, the gestalt of operation of this invention is further explained to a detail, referring to 
an example. 

[0053] (The 1st example) The spin transistor which uses an Si(silicon)-MOS (Metal-Oxide- 
Semiconductor) inversion layer as a channel is first explained as the 1st example of this invention. 
[0054] Drawin g 4 is a mimetic diagram showing the important section configuration of the spin 
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transistor of this example. That is, in the cross-section configuration and this drawing (b), this drawing 
(a) expresses the flat-surface configuration, respectively. 

[0055] In this example, when the gate insulating layer 20 was formed on the p-type silicon substrate 10 
and the electrical potential difference was impressed to Gate G, the structure of an MOS transistor where 
an inversion layer 12 was formed directly under this was adopted. 

[0056] The ferromagnetic layers Fl and F2 which all consist of iron (Fe) with a thickness of 200nm are 
used for Source S and Drain D. Furthermore, magnetization of Fl film by the side of Source S is made 
to fix in the direction of the arrow head M of this drawing by the exchange magnetic field from the 
iridium manganese layer IrMn which is the antiferromagnetic substance. On the other hand, 
magnetization of the ferromagnetic film F2 of Drain D can be rotated in a field by the external magnetic 
field. 

[0057] The channel length of this transistor is 1 micrometer, channel width is 5 micrometers, and 
(Aluminum aluminum) gate electrode G is formed through gate dielectric film 20. 
[0058] The configuration of the gate electrode G is carrying out the special configuration with neck QP 
with a width of face of 50nm. Although the channel section (inversion layer) C will be formed directly 
under the gate electrode G and a drain current will flow if a forward electrical potential difference is 
impressed to the gate electrode G, it changes with the sense of magnetization of the ferromagnetic layer 
F2 from which the current constitutes Drain D. 

[0059] Since movement of the electron which flows neck QP with thin electron wavelength extent is 
limited to the electron which advances almost in parallel with the direction which passes a neck and the 
wavelength (and energy) is quantized, the spin dependency of interfacial resistance increases. 
[0060] Moreover, with the transistor of this example, the interfacial resistance between the channel 
section C and Drain D is sufficiently large as compared with the interfacial resistance between Source S 
and the channel section C, and channel resistance. 

[0061] Dr awing 5 (a) is a graphical representation showing the drain current-gate voltage (ID-VG) 
property of the transistor of this example. Here, the drain electrical potential difference VD was fixed to 
0.5 V. moreover, the continuous line in drawing — magnetization of the ferromagnetic F2 of Drain D ~ 
magnetization of the ferromagnetic Fl of Source S — receiving - case it is parallel - a dotted line — 
anti- — the case, ****, is expressed, respectively. 

[0062] When gate voltage exceeded threshold voltage (VT-0.12V) so that this graph might show, a drain 
current began to flow, and change (MR ratio) of the current by the sense of magnetization was about 
12%. 

[0063] Drawing 5 (b) is a graphical representation showing a drain current-drain electrical-potential- 
difference (ID-VD) property. Here, gate voltage VG was fixed to IV. moreover, drawing 5 (a) - the 
same - a continuous line -- magnetization of the ferromagnetic F2 of Drain D - magnetization of the 
ferromagnetic Fl of Source S - receiving — case it is parallel — a dotted line — anti- — the case, ****, is 
expressed, respectively. 

[0064] Although about 12% of MR ratio was obtained like drawing 5 (a) below by pinch-off- voltage 
VP=VG-VT, when VD exceeded VP, MR ratio decreased quickly, and stopping depending for a drain 
current in the magnetization direction of F2 was observed. 

[0065] In the saturation region more than VP, the potential barrier occurs with depletion-izing a 
channel / drain inter-electrode in VD, and it is considered that it stops almost depending for it on the 
sense of magnetization since a drain current is decided by resistance of this barrier. 
[0066] The spin transistor which uses as a channel the Si-MOS inversion layer which made the same 
other configurations except point contact QP as an example of a comparison over this example here was 
also made as an experiment. That is, in this example of a comparison, like drawing 1 (b), the 
configuration of the gate electrode G was not made into the convergence configuration, but was 
continued and established on the channel semi-conductor layer like the usual transistor on the whole 
surface. 

[0067] Although the threshold voltage of the transistor of this example of a comparison was the 0. 1 IV 
[ almost same ] as the transistor of this example, the drain current in gate voltage 0.2V increased to 
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about 1 micro A. MR ratio of this component was very as small as about 0.5%. 

[0068] That is, it has checked that MR ratio could be sharply made high by forming the point contact QP 
formed by carrying out patterning of the gate electrode G. 

[0069] (The 2nd example) Next, the spin transistor using the two-dimensional electron gas of terrorism 
structure was made as an experiment as the 2nd example of this invention to the selection dope which 
consists of n mold InAlAs/InGaAs. 

[0070] Drawing 6 is a mimetic diagram showing the important section configuration of the spin 
transistor of this example. That is, in the cross-section configuration and this drawing (b), this drawing 
(a) expresses the flat-surface configuration, respectively. 

[0071] In this example, the InALAs layer 40 was formed on the InGaAs layer 30, and the spin transistor 
which uses as a channel two-dimensional electronic system 30A formed in an InAlAs/InGaAs 
heteroj unction interface was produced. 

[0072] Although [ the size and the configuration of the gate electrode G ] it is the same as that of the 1st 
example, the ferromagnetic F2 of Drain D grew epitaxially on the InGaAs layer 30. As for field bearing 
of the end face which touched the film front face of a ferromagnetic F2, and the channel, all serve as a 
field (001). 

[0073] Like the transistor of the 1st example, although the drain current changed with the sense of 
magnetization of a ferromagnetic F2, the rate of the change is about 3 times the transistor of the 1st 
example, and about 35% of MR ratio was observed by the spin transistor of this example. The reason 
big MR ratio was obtained in this example as compared with the 1st example is considered as follows. 
[0074] That is, although it is generated in order that the interfacial resistance of a semi-conductor 
(channel) / magnetic-substance (F2) interface may depend for MR ratio of a transistor in the 
magnetization direction of a ferromagnetic F2, the cause for which it depends in the magnetization 
direction is for the transmission of the electron which penetrates an interface to be dependent on the 
sense of electronic spin, and originates in the band structure of the magnetic substance. 
[0075] Although the electron which band structure is generally expressed in the wave number space 
called a Brillouin zone, for example, advances under the crystal of Fe in the [001] directions is 
expressed as a point on ** line of a Brillouin zone, the condition is distinguished with the symmetric 
property of a wave function, and is usually described by the notation like **1 and **2 using the 
irreducible representation of group theory. 

[0076] Although iron (Fe) band structure is complicated as expressed to drawing 7 , a rise spin band has 
the symmetry of **1 near the Fermi level, and the down spin band has **2, **2 f , and the symmetry of 
** 5. On the other hand, the band of the electron which advances the inside of an InGaAs channel in the 
[001] directions has deltal symmetric property. Since an electron can advance between bands with the 
same symmetry, without being reflected, the rise spin electron which advances in the [001] directions 
can penetrate a semi-conductor (channel) / magnetic-substance (F2) interface, but since an electron 
cannot advance between bands with different symmetry, a down spin electron is reflected strongly. 
[0077] That is, the semi-conductor (channel) / magnetic-substance (F2) interface of the [001] directions 
have a strong spin dependency, and, for that reason, it is thought with this component that high MR ratio 
was obtained. 

[0078] With the transistor of the 1st example, although the spin dependency of a semi-conductor 
(channel) / magnetic-substance (F2) interface was relatively small since a ferromagnetic F2 was the 
polycrystalline substance, in the transistor of this example, it is thought that this spin dependency 
became still larger and MR ratio also became large. 

[0079] (The 3rd example) Next, the spin transistor with which Source S consists of a compound 
semiconductor is explained as the 3rd example of this invention. 

[0080] Drawing 8 is a mimetic diagram showing the important section configuration of the spin 
transistor of this example. That is, in the cross-section configuration and this drawing (b), this drawing 
(a) expresses the flat-surface configuration, respectively. 

[0081] Also in this example, the InAlAs layer 40 was formed on the InGaAs layer 30, and the spin 
transistor which uses as a channel two-dimensional electronic system 3 OA formed in an InAlAs/InGaAs 
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heterojunction interface was produced. 

[0082] However, in this example, gallium arsenide GaAs was prepared as the source S. The size and the 
configuration of the gate electrode G presupposed that it is the same as that of the 1st and 2nd examples. 

[0083] According to the sense of magnetization of a ferromagnetic F2, a drain current changes 1st and 
2nd similarly [ in the transistor of this example ]. 

[0084] Here, when the light L which carried out the right-handed circularly polarized light to GaAs of 
Source S was irradiated, the sense of magnetization of a ferromagnetic F2 was reversed and change of a 
drain current was measured, 50% of MR ratio was observed. The electron of the rate of high polarization 
is excited by the circular polarization of light in GaAs of Source S, and the reason to which MR ratio 
became large is considered to be because for it to have been poured into the channel section C. Although 
it is clear from this principle of operation, the transistor of this example can also be used as a circular 
polarization of light sensing element. 

[0085] (The 4th example) Next, Source S explains the spin transistor which has a tunnel junction as the 
4th example of this invention. 

[0086] Drawing 9 is a mimetic diagram showing the important section cross-section configuration of the 
spin transistor of this example. 

[0087] Also in this example, the InAlAs layer 40 was formed on the InGaAs layer 30, and the spin 
transistor which uses as a channel two-dimensional electronic system 30A formed in an InAlAs/InGaAs 
heterojunction interface was produced. 

[0088] However, the magnetic tunnel junction of the laminated structure which consists of an iron cobalt 
(FeCo) alloy / a (Aluminum aluminum) oxide film / iron (Fe) was prepared as the source S. An electron 
is supplied to the channel section C of the two-dimensional electron gas of an InAlAs/InGaAs junction 
interface from this magnetic tunnel junction. Point contact QP was formed between the channel section 
C and a ferromagnetic F2 by carrying out patterning of the gate electrode G like the 1st thru/or the 3rd 
example. Moreover, the FeNi alloy was prepared in Drain D as a ferromagnetic. 
[0089] In order that the cross-section configuration of a transistor might perform efficient electron 
injection to the two-dimensional electronic channel section C, as expressed to drawing 9 , it was made 
into the shape of a mesa, and formed Source S and Drain D in the side face. Here, the channel length of 
a transistor set to 1 micrometer, and channel width was set to 5 micrometers. 
[0090] The magnetic substance Fe of the upper and lower sides in the laminated structure prepared in 
Source S and FeCo were made to magnetize in this direction. As for this transistor, a drain current 
changes according to the sense of magnetization of the ferromagnetic FeNi of Drain D. MR ratio 
showed 38% at the time of gate voltage VG=1 V and drain electrical-potential-difference VD=0.5V. 
[0091] **** of the electron poured into the channel section C from the source S which consists of a 
magnetic tunnel junction as a reason to which MR ratio became large in this example edited by spin is 
considered because it becomes large as compared with the case of only the magnetic substance like the 
1st example. 

[0092] Furthermore, improvement in same MR ratio was accepted also in the spin transistor which has 
structure which was expressed to drawing 10 . namely, the magnetic tunnel junction which was prepared 
in Source S in the case of the transistor with which it expressed to this drawing ~ iron (Fe) - it has a 
laminated structure called /golden (Au) / iron (Fe) / (Aluminum aluminum) oxide film / aluminum 
(aluminum). Iron (Fe) / golden (Au) / iron (Fe) which is a part of this laminated structure are the so- 
called "spin bulb" structures. However, in the case of this example, the two-layer iron in this spin bulb 
film (Fe) was magnetized in this direction, respectively. 

[0093] It thinks because the electronic rate of spin polarization at which the reason MR ratio becomes 
large is poured into the channel section C becomes high [ the case of the transistor with which it 
expressed to drawing 10 ]. 

[0094] (The 5th example) Next, the spin transistor with which Source S and Drain D consist of a 
magnetic semiconductor is explained as the 5th example of this invention. 

[0095] Drawing 1 1 is a mimetic diagram showing the important section cross-section configuration of 
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the spin transistor of this example. 

[0096] Also in this example, the InAlAs layer 40 was formed on the InGaAs layer 30 5 and the spin 
transistor which uses as a channel two-dimensional electronic system 30A formed in an InAlAs/InGaAs 
heterojunction interface was produced. 

[0097] However, Source S and Drain D consisted of gallium manganese and an arsenic magnetic 
semiconductor GaMnAs, respectively, and the spin transistor with which point contact QP is formed 
was produced by carrying out patterning of the gate electrode G. 

[0098] Epitaxial membrane formation of the GaMnAs was carried out using the molecular beam epitaxy 
method. Channel length set to 1 micrometer and channel width was set to 5 micrometers. 
[0099] With the transistor of this example, MR ratio showed 50%. According to GaMnAs of Source S, 
and an interface with the channel section C, loss of the spin information by spin reversal etc. cannot take 
place easily, and the reason whose MR ratio improved greatly is considered because the electron of the 
rate of high polarization can be poured into the channel section C, in case an electron is poured into the 
channel section C from GaMnAs, since there is little turbulence of a crystal. 

[0100] Moreover, the same way, loss of the spin information on the electron which flows through point 
contact QP also in Drain D since there is little turbulence of the crystal in an interface with the channel 
section C cannot break out easily, and it is thought that it has contributed to improvement in MR ratio. 
[0101] In the above, the gestalt of operation of this invention was explained, referring to an example. 
However, this invention is not limited to these examples. For example, it is included by the range of this 
invention, as long as it can carry out this invention similarly and the same effectiveness can be acquired 
about configurations and the quality of the materials, such as the concrete dimension relation and the 
concrete ingredient of each element which constitutes a spin transistor, other substrates, an electrode, a 
conductivity type, a dopant, and discontinuous construction, when this contractor chooses from a public 
domain suitably. 

[0102] Moreover, components, such as a ferromagnetic in the spin transistor of this invention, the 

channel section, and the spin polarization section, are good also as structure which could form as a 

monolayer, respectively or carried out the laminating of the two or more layers. 

[0103] In addition, all the spin transistors that this contractor can carry out by carrying out a design 

change suitably belong to the range of this invention similarly based on the spin transistor mentioned 

above as a gestalt of operation of this invention. 

[0104] 

[Effect of the Invention] As explained in full detail above, according to this invention, a spin 
polarization electron is poured into channel fields, such as a two-dimensional electron gas system, from 
the source, the component which MR ratio can be large and can use can be offered by forming point 
contact between a channel field and a drain in the spin FET from which a drain current changes with the 
sense of magnetization of the magnetic substance which constitutes a drain, and the merit on industry is 
great. 

[Translation done.] 
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[0028] 0i fa, #BKtDHJ6©^li{£;to5>5*fc* 

*>, P0 (a) tt-tOWfiB«ia % ID0 (b) {4^©¥ffl 
fr> n ?. ql *:*b>1(7) h =? y-^-yii. v— xsco— src 20 

[0030] y— ^.sf^j-t^ttfc^f^ii^gpF i 

[0 0 3 1] y— ^S^k^^/VSCC^-©;* t'^ffi^S 30 
*F-©i£A»i, 0 1 2 fctflj^ Lfcft*© h 7 sV* 9 k 

^tt^F 2^^.t°>-<S1lgPF 1 fcHJCfitlc«tftS*vt 

$ fix V ^#^lC(4f--Y^«»fti4^{C < V \ 
[0 0 3 2] -ttT, *%W<Dh7l/i?x9<Dm£. f- 

PiWgjfcSih/TV^So ^>Y^>99 r-QPI4, 3£S£ 40 

^99 h&Wtft1tb<DX-hZ 0 o4D, 

Kwf ^D©-$B&#j&-fS3&&t£fcF 

2fC*fLT, ^©iSfct^fea:'** h&JBjfcL-CT- 
[0 0 3 3] £IT, #3PJ©*Jtf-5 r^i^a^^ 
[0 0 3 4] 0 2<4, «tt^C±«9fl|*S-h,fcJt?-f 
[0 0 3 5] ±T©«tt®Hl 1 0, 1 2 50 
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0©fflK<t«x»N&t>o2^*^ifc»>, ±T*ffi 

©EftboiRitKj; 9aatoweft-*-«. mi<omtmb l 

t«i 0 0%tv^5tfc*f)T*t^flty4Sc:^*T-lc:^ 
©e>WP©fc6t41 nmlfiffeSiJS, ffi 1 n mil 

So 

[0 0 3 6] fcij, roiSWyha^^ K*?- 
SrM^Lfc^cDt LT(4, 2ocD£r#t©-:x^/l' (N 
i) *ft#^b*fc«*;«/J^A, fc5W42o©-7;/ 

*94 hzm»£&itMfm'i->m&&, m 

N. Garcia, M. Munoz, and Y. -W. Zhao, Physical Rev 
iew Letters, vol.82, p2923 (1999) *34t/J. J. Ver 
sluijs, M. A. Bari and J. M. D. Coey, Physical Re 
view I. fitter s. vol . R7. n?.fi601 -1 (2001 ) (CRS/K^iX 

[0 0 3 7] nXfmUCMiXi&W&ffiVZb. ^©4 
0t£#4>h=i>9 9 hQP5r^t°>- YJ V'J*9\Z.WL 

[0038] tf4>h=>>9 9 bQP(4, ^!)xt4, y— 
h«ftG©J^R^ia 1 <Of-**MRC<D1&)fc k -f 5 r £ 
(Cit)^aT-#5„ -T^*>*>, 01 (b) to<f"r*fiM 

[0 0 3 9] ft?- VmMGlC?— hflffi*^ 

G tfcffi«tc*sv ^x^S^bfe 5 v ^ttKteas 

f-'rZ/vnciWj&ZtiZ. ^©J;5(cLTfM 

< TflnM. yh^l/9 9 VQPtCpfl Diife 

£ 5, ^^rt©mi L ©^*J4 1 0 n mKi 

(B«10nmSSt?iV\ i©J:5WX©, ^ 

>h = ^^hQP ©^i4Sffiws^-e+^^tB-c-fe 

5. 

[0 0 4 0] *fc, FQPJ4, f-^f^ 

^*#fifei-*iNW*:Ji*^^-=^^-r5 - 1 tC4oT 

JSJNMMtrayfv^UHi (b) oft*/ug 
C ©JEM*© y ir SrJK^i-Jxtf v \ 
[004 1] fe?.V^(4 > ^3|fl£]ilc3FSttft;7c*Sr3M5 
mz.%LA-rZ>Z-kKSi i?, 01 (b) ©^--y^yugBC© 
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[0 0 4 2] *JB91£J:*btf. ft^CiKWv 

(MR It,) Sr«HW^K»5ri:*ST?# 
[0 0 4 3] rcoi 5^^t°^ h^^^^trfflV^TIH 

(mr am) tLxmm-tz^ki>mm#) 

[0 0 4 4] #lx.tf, ^^fS9FitUlv>5!l 

tt»F2©«F 1 cDg&{fc£ WfoSV^KWIcS 
*££i£SC<!:icJ;9, ^-C^U -a- K«:##&trr. t 

Gizm^tzV- KiS&WLlCttJI&l^iOLT h?^* 
^Sr;^ (ON) ttttKL, try MftBLfcflEftS 
^V«^£«$Jt-5i£tcJ;9 3£e*ttfrF 2BMfc©fit 

[004 5] M&h >*A'8te«:ffl^fcffefe©MR AM 
t?fi, 1 try h©*fife^i LT H@<D h^^g^t 

[0 0 4 6] L*»tK ^IS^KitUf, ^fyhyVv 5 
[004 7] K W ^««E©«fb*|Rltt#tt (M 

Rit) ft, y-^S^P>f--Y^gBCtcaAStv5«^ 

(Co) ftif©3ft«ttfl£ef»|:iffaEr5e*«^O^f^ 
dffi^fiiS* 5 0%SH&£>T\ mb^f >iS^F 

[0 0 4 8] i.y&^xv^mm&vm+Z&.AIrziz 
fete, *%w<D-Mm\£#^x^ y-xs\cit&%)¥ 

[0 0 4 9] y— *SK&t£h>4vwgs£-£flf^ 

[0050] ftis, «^^t°vt»#Sr^-fr-ficy- 
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[00 5 1] * fcTHI&gBF 1 F 2 Otf^t 

LTtt, ft (Fe) , a/</H* (Co) , = y$r/U (N 
i) t£H<D%.#* Sfctt, a(Fe), a/VUh (C 
o) , -ytTlV (Ni) , ^dA (Cr) ©4>&<£t> 

10 IflitlSN i F ef^, fcSVfi, CoNbZ 

FeTaCi^ v CoTaZrl^, F e A 1 
S FeBMl CoFeB^Mi'Oft 

SH4t**k , Fe,0 (l L 

a ,-x S rx MnO, t£if<D^— V* $ >VW&&*1§ 

v^rims. -f r ftib©*m© 5 

[0 0 5 2] 

mmm kit, nmM&&mLio*%womi&om 
[0053] mi vnmw) *-r , 1 ©n 

J&tfltLT, Si (i^yav) -MOS (Metal-Oxide- 
Semiconductor) UMM^f' J r^^t1ri>^y hy> 

[0 0 5 4] 1411, ^Jg^JcD^f^h^^^^CD 
S««*S:*-f«*H-eib5. -t*i3*>, RB9 (a) f± 
^©Wffi«/&, (b) tt-t©spiB*l«S:**vP*tae 
"To 

[0 0 5 5] **ltWt*SV^T»4, pi->!)=>SSl 
30 OOiiC^-M&lfU^O&Ktt, h G\cW£ZW 

[0 0 5 6] y-^SMKWVDCIi, V^tLfcJ? 
J2 00nm0ft (Fe) H^ailtfFl, F2 

©X&B£»tc£tj, IH@©£PPM©;o^ic@#£-fr-c^ 

S„ KKyD03IIttMF2©IWM 

40 [0 0 5 7] rtO V^^W^-Y-t^Sfil /xm, 

T^5 = 7i» (Al) V- bSSG^J^$nTV>5 0 
[0 0 5 8] h«HGOf^(i, fI5 0nm<7)<^ 

iEttBE^^iD-rst, y-h®BiG©eTt^-v^/^ 
(Rtee) c^^^ttKw^mss^^s^, -t© 

[0059] m^rojssss^avK^ttiasQp^tt 

50 <U ; ixla5*aiii1-5*lSl(-(itfWIC 
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[0 0 6 0] £fc *MMM<ab7^i?x?X'l*, ^"-y 

[0 0 6 1] 05 (a) 14, ***0!l©h?J'5?**© 

KKyf«-y-MBE (Id -Vc ) 

77i-efe5„ rr-c, k^-Y^HBEVd f4o. svtc 10 

[00 6 2] r©^97d»e>^*»5±5IC 
#MtftE (V T ~0. 1 2V) ?rgi5t KWX| 

Sf£;Wx»4C«>, ffi^kroiPjtlciss^ro^k (mr 
Jfc) 14® 1 2%T'$>ofco 

[0 0 6 3] 0 5 (b) f4, KW^iS-KKVl 
JE (Id -V d ) «H4Sr*i"^77H-Cife*. iif, 
/V' — r-frFFw lit i virSTPl Bis f«l > so 

x S ro&6Stt#F l (DMiUcM Ltffi4i^, £flfttt 

[0 0 6 4] t°>-^^-7flj±Vi. =Vc -Vt 
(4, B5 (a) il^tUOfSjl 2%<OMRtfc^#t>tvCV^ 
5/55, Vd #V p frjB*Si^fcMRtbas«4>U K 

[0 0 6 5] Vd *!Vp W±©ffifpfBSEt?fi^-v^/u/ 

^ttM^^^blC^oTtfx^i^/W^y Tri* 30 

[0066] ---e, *mi&M\ztti-?>i£$iMb LT, 

= hQP£l&v>;tft&W«$£|13-i Lfc 

hWfG©JIMKS:Bll (b) ©£D<i&mi^i:f4-tH\ 

BKSoTfSlitfc. 
[006 7] r <Dimm<D Y=7>"s** ©HftttJIlix 40 

#s f- hflJBEO. 2 V icjolt 5 K W 1 /i 

AUHf* Lfc 0 ^©*^OMRJtHt»0. 5%t«fcT 

[0 0 6 8] -ftefrh, V— hmmGZ'<? 

r£:KJ:«J, MRJfc&*«fc»,<1-5 5 

[00 6 9] (12 CD *5S0i0jg 2 <D^ 

WJtLT, nilnAlAs/InGaAsi^ifcS 50 
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[00 70] g| 6 14, *HiS^JCD7. fc"V h 7 * <D 

&nm&z$tirm*m-Qhz. -*-*t>t>, i^m (a) « 
zvmmm&s mm a) i4*©¥®«$£ ; eftetxs 
1-0 

[00 7 1] *HJStRHc*3V>T»4s InGaAs|30 
©_h(C I nAlAs|40 £rl3!fj\ InAlAs/ln 
G a A s -xa^-g-#S(c»fife$ixS 2&7cflr?-^ 3 0 
A£^-f*/i't-f 5* f> h 7 1/ ZftUVtz. 

[0 0 7 2] y- hMMGO-V-J Xfc'il^li, S& 1 
%Jfc0f£ffiNI2: LfctfS, KWf^D«&tt#F2f4, 

I nGaAsi3 0©±ICxt^^rv't^ftLfc 1 , 3fi 

(tfi^Tixt (00 1) ffit/io-CV^S. 
[0 0 7 3] *H^f!jO^.t 0 ^ h^^-^^fi, HlH 
h 7 ^v^T.^ t 3&&teftF 2 ©«fbOlRl 

mimmM<Dh7>i?x?<o®3mx'hv. ^35%® 
$55 lt*# 4mr Jti«#e>*tyta*r±6itT© i 0 \^*. 

[0 0 7 4] -fftfc>*>, S^Vv^CDMRlfcte, 
ft (^-Y*/v) (F2) #B©#BS£W 5 3&1 

[0075] K«sri— jRt, ^u^r^y-^t 
?r [001] ^fBjiciitfm^iiyy/wTyy-xDA^ 

[0 0 7 6] B17»C«tfcJ;5l^ ^ (Fe) (D^V K 

A2, A2' , A5©*HMt$r«fo-Cl^5. In 
GaAsf^W?: [0 0 1] *|6](Ciitf*^©-'^ V 
KI4, Altitt^toT^So Pt«IW4S:t>o/<^ 
KM&fc^ ttE#*ivf lciitr£ fc*-C#*©T [0 0 
1] *|SjtciitfTs'7 0 ^t^m^^^ (f-r^) 
/Btttflc (F2) #ffi^Sii"C#5/45, JlttSttfttt* 

[0 0 7 7] -r^fo^ [0 0 1] *fa©¥*ftt (t^-Y^ 

^) /mttfr (F2) #Efi&^;*fc^##1±£#*>, 
^©fc* r o3H-?-CttiBv ^MR it i>m bfttz b %*. feix 

[0078] mi mmmco Y7>v*? x-h&m&wf 
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2 ##ISfift©fc«>, /W&W (F 

6K:**<4«), MRitt*t<4ofct>«)i:#itf>4x 
[0 0 7 9] &3<DmMW) *»MO»3©H 

[0 0 8 0] *HJg^!|(D^ tV hy >i??.?<D 

-t©»fi5«fife, na (b) mwmm&zzin^tim 

[0 0 8 1] #3lt£WcioV'>-Cfc, InGaAs|30 
<D±\C I nA 1 Asf4 0 InAlAs/In 
G a A s ^ ngte#BK:j&ft£ix5 2 &tg«^ 3 0 

[0 0 8 2] {au *HJSMlc*5V^li, y-^SirL 

x** <£ xfmttts m i 2 t i Lfc„ 

[0 0 8 3] *HJS^J©h7>'v J ^^0#g-t>> Ilfi 
[0 0 8 4] ZZX\ y-*S©GaAsfc#PJfi#L 

t, K w yffiSto^fk&Sl^ l t r. 5 0%©m 
ftlc J; oT y — * SOGaAs 4"t;:i«HI^*tf>ftr?-;4 5 Ib 

[00 8 5] (*4©3fe««) »IC, *3SM©»4©^ 

[0 0 8 6] 0912, *HiS0iJO^fV h7>i^^9<D 
KtMff1B«A«r»timi-T*«>S. 

[0 0 8 7] JfcHifefiM-iS^-Cfc, InGaAs|30 
W±{C I nA 1 A sjf4 O&Ktt, InAlAs/In 
G a A s — x BSd-JHBlc&J&iSftS 2 ft7G«^ 3 0 

[0 0 8 8] {&U y-^StLT, fta/^F (Fe 
Co) (Al) IMUHt/tt (Fe) 

14 h ^^/^-frfrb I nAl As/l nGaAs 

S«0 2^7cm^^^<7?^ J r^/Hfl5Cic, tt^/5S#t^ $tv 

-nv^-rSrtlCii?, 7 % + *A-fflJC t&BSttftF 2 
hnm^if^^Y^^^ i> l-QPWLfc. K 

[0089] 1-7V^^ ©WffiJ&Rtt, 2 &7cfl;^ 
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Lfciptc^f-^t u -toffiiffilcy— KKy 
[0090] y-7. s icR»*fc«««iifc*ittS±T<0 

WFe, FeCofi, r<7) h 

7>\?Xf>\^ KKVD©5HWt#FeNiOiftO 

= 1V N KW^lffiVo =0. 5V<Di:3\ MRJ* 
10 12, 3 8%S:*LfCc 

[00 9 1] *HJS01J|C*3V^TMRJt!5S^t < fcofcS 

-r * a* c id a a $ ftfcfl^-w * f vns*** > is i m 
mmtDXotem&ftwvm&btiMLx. *#<fca 

[0 0 9 2] Sfc£P>{c, mi OfcigLfcJ; 5<e«iftSr 

9 ©*g\ y-* s icistt bftfcestt h 

20 ft (Fe) /& (Au) (Fe) /TA'SsfrA 

(Al) IMUR/7'A'5 = 9A (Al) tV^=9jJI«jg 
£#1-5= ^©«Ji«ii©-a5T-fc5. ft (Fe) 

(au) (Fe) ti, v>*?t$>5 r^t-w^pyj $ 
*?<02M<»&. (Fe) -tn^PixlRl^fcatftLfc. 

[0 0 9 3] aiOHSLfcf^^-^^©!^^ M 

[oo94] (» 5 (ommm) xmrnvm 5 ©^ 

[0095] Bill tt, *mMM<D* fy h 7 ^v?^.^ 

(omum^m^^-rm^mx'h z> a 

[0 0 9 6] ^HJg0IJ|CjoV>Tfc, InGaAs|30 
I nA 1 AsJl4 OSraSHt, I nAl As/ In 
G a A s oSS'&ffffi^J*SixS 2 !^7C«^ 3 0 

[0 0 9 7] {fib. y-^SfcottKKWVDri*, 

• 7^-Sti»l»GaMnA S 
40 a»e>fc!K ^-h«SGS:/^-=i'^i-*wi:{cJ:!J 

[0 0 9 8] GaMnAsIl ^HSU^^^V-jfeS: 

[0 0 9 9] ^»!l© h 7 9 T'tt, MRltfi 5 

0%Sr^Lfc o MRJt^#<|p]±L^:a*tt, y-7. 
SOGaMnAstft ^^SC t ©^1 %£bb<0 
Rjtlfr'PftWzlb, GaMnA s frbMW'?- J C*/\'&> 
50 Ctc£A£;}x5il^ ^t 0 >Se^t*(Cj;§^t°Vt*# 
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[0 10 0] *fcBl«lc s ^DK&vvct, 
bixSo 

[0101] AffWSr#JHUoo, ^WroHiS 

^ff09i^lS^*tt5to-ett>5cv\ 0!l;ifi> ^.t°>f«7 10 

So 

[0 10 2] #3gl^<D;*fc 0 :y ^7:/^;**|;::fc^t 
[0103] ttVHDmmvwnk lt±5£l 

5 LT HIS L 5 5 ir^-X <D * f >- h- y > i?X 9 i> IH« K 
[0 10 4] 

U K W >*«^S«ttfr©Wk 
V^T, f^/«FW>i««>F3^ 30 

So 

[01] **W©3U6«)JKtBl!:*»a»6^ t*v hyy^ 
[02] «ttflc|tj:9«rt*nfc#w yhay;?^ h?g 

[0 3] *^^fVh7V^^^ffiV^M§tl 
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[@4i *%w<DnMm<Dx't°>'hy>i?x?<Dmi&ffi 

[05] (a) fi, ^JS0iJ© h^S***© KKJ' 
(Id -Vg ) #ttSrS-t"^7 70T- 
fcU, (b) It, KH^t«-KMytE (Id - 

[06] *mM<nmy&m<K>xt°>hyyi?xf'<Dm$<>ffi 
^^*-rm*0T-fes„ 

IB7] ft (Fe) ©/<^K«atSr*-MS«0-e<fe6. 

[0 8] *m*<on%mn*v:>Yy^ ; >sx9<Dm®m 

[0 9] #^©ll;&#l©*t°>h7^**©gM<r 

®«^^ai-^0T'fc5o 

[010] ^JSWOl^lfiWo^fvh^^^^©^ 

[011] *%w<Dnmm<DXK°^vy^i?x?<Dmu 

»s«^^*-rms:0T-fcSo 

[012] ^(^^^^^©S&tS^Sti- 
«5tB-?;fc!K I30 (a) tt*©KffiB*ia, 130 (b) 

[ff*oKi»l 

1 0 v-y 

1 2 Rfeg 

20 ^-nawi 

3 0 I nG a A s 

3 0 A 2 #C7n«^ 

4 0 I n A 1 A s 

110, 120 m&Wfc 

BL \Zy \-B 
WL !7— KH 
C ^-t^/USB 

f 1 fViH&gfl 

F2 3£6£tttt 
G 

L * 
M Mit 

QP #^^b=i^^^h 

s y— 

D K l^-Y y 
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